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2. General Components of the Onondaga Lake Mercury Model
2.1; MEEC4

MERC4 is implemented as a kinetic subrouting for Hg transformations that is linked with the
tIHIl.ﬁJ-UI‘I modeling routines of the WASP4 model (U.S. EPA, 1991), The Knctics add the ability
to represent sorpiion of Hg 1o solids and complexation of Hg with dissolved organic carbon,
transformations among Hg specics (e.g. . reduction, methylation), and complexation of Hg with other
water quality constituents (e.g., hydroxide, chloride, sulfide). For the purpose of modeling
Onondaga Lake, the mmansport modeling capabilities of MERCA were extended to include
remineralization of Hg specics (i.e., release of Hg from paricles in the water column), and the
MERCH kinetic routines were extended 10 include secumulation and release of Hg by plankton and
fish. Figure 1 illustrates the conceptual framework for the OLMM.
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Fig. 1. Comceprualaaton of the Onondaga Lake Memury Mixdel

2.2, FBM2

FBMZ 15 s set of mathematical equations that describe individual fish consumption, respiration,
specific dynamic action, cgestion, excretion, and reproduction, and tha balance the ENLrgy
requirements of these processes (o determine individual prowth. These processes, on a population

basis, are used in the modified kinetics of MERCY 1o model accurnutation and depuration of Hg in
fish

2.3, EUTROPHICATION MopDe

The cutrophication modekof Onondaga Lake is implemented as a kinetic expression that utilizes
covironmental conditions (i.e,, morients, sunlight, and temperatare) 1o simulate the dynamics of
phytoplankton Momass. Biomass dynamics, such as growih, respiration, and seilling, are provided
0 MERCY as mput.
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3. Development of {

3.1. SEGMENTATION

Onondaga Lake was conceptually divid
regimes. These regimes are 1) the littora
bottom sediments, 2) the pelagic zone (i.
the profundal zone (i.e., the hypolimn
conditions and Hg transformation rates 1

3.2. TRANSPORT

3.2.1. Advection

A water balance for Onondaga Lake was
inflows (Henry er al., 1995), cstimated
1992), estimated groundwater inflow, am
area of the lake and the clevation of th
1993). Groundwater contributed 0.3 pei
balance. The excess waler was assign
calculated to be positive.

Surface water inflows, with the excep!
with the pelagic segment. Because of
(HydroQual, 1994), flow from Ninemile
scgment to simulate plunging. The lake

3.2.2. Dispersion

Dispersive mixing between the profund:
spring and fall mmover and summer s
during turnover 1o nearly homogenize
specified during stratification to redu
concentration of Hg increases in the prof
hypolimnion observed in the 1992 data

3.2.3. Settling

The settling and deposition of three type
represent inorganic (fluvial) solids, phyt
available; therefore. a net settling term w
the pelagic and profundal zones of the
particles were estimated from mass accu
coocentrations in the overlying water.
were provided by the cutrophication mc
rates were adjusted during calibration.

3.2.4. Remineralization

Remineralization is defined in the OLM
water close to the sediment-water intert
Liule Rock Lake, Wisconsin. Remin
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comparison of gross and net Hy sedimentation as discussed in Henry et @l (1995). Besw
of hottom sediments can also result in greater gross than sedimentation; however, resuspen:
considered insignificant in the profundal waters of Onondaga Lake where the waler oo
guiescenl in this region. A temporally variable recycling fraction is applied to each type of
Recycling fractions were adjusted during calibration.

33 Loaps -

Tributaries, sediments, groundwater, and atmospheric deposition all contrbeie Heg to O
Lake. The contibution of each was calculaied from field data, experimental datz, and 1
(Henry er al., 1995). All Hg losds, except dissolved flux from sediment, were speeified
inpuis. Although Hg release from the sediment is likely to be dependent upon factors th
the rate of He methylation (e.g,. dissolved oxypen concentration), there are insufficient o
Onondaga Lake to characterize this functional relationship. As a result, fluzes of Hg from
were adjusted duriog calibration.

3.4. MERCURY KINETICS

MERCS recognizes four types of Hg (¢, elemental, merthyl-, ionic, and inen) w m
cveling, However, the distinction between fonic (i.e., reactive) and inert {i.e., non-reas
is highly dependent on the apalytical technigue used w make the mezsurement (Bloom, 1€
addirion, the implications of this distinction on Hg transformation processes i the environ
unknown, Therefore, the “reactive™ and “pon-reactive”™ fractions (both available f
Onendaga Lake data set) were combined into a single Hy rvpe (hercafier referred Lo as i
for the modeling effort.  In this paper, lonic He refers o all Hg species, with the exce
clemenral Hg, CHHg, and dimethylmercury [(CH,).Hg) which can be measured dircet
vafues for infon He were derived as follows:

Hg... -~ Hg

Enoeal

— [elemental Hg + CHHg + {CH,).Hg|

The Hg crcle used in the application of MERCS (0 Onondaga Lake is presented in F
Three Hg species (1.e., elemental, methyl-, and ionic) are modeled,  The madel inch
tansformalions between species (net methylation and reduction). sorpinn 0 tree parti
ifluvial, phytoplankion, and detritas), and volatitization. Because there are no site-specific
the concentrations or equilibrium consants for Heg complexes (e.g., with chioride,
Lydroxide) and little information on the paticipotion of these complexes in transformation -
or sorption equilibria, each Hp species is considersd a5 2 poo! of various complexes. All g
of a peol are presuned 1o participate equally in any transformation or serpion/desomption

340, Transformarion

Two transformations berween Hg species are explicitly modeled. The concomitant process
methylatien and methylméroury (CH,Hap demethylation were combined as pet Hg med
While the two processes can be differentiated analytically (Funaani and Rudd, 1980; Raml
1986), the current methed of choice for measuring methylation rates (Gilmowr, 19951, w
wsed in Onondaga Lake (Henry e @l 1995), vields an ésiimale of net CH,Hg produdiion
on the literature (Winfrey and Rudd, 1990 Gilmour and Henry, 1%91) and experimental dal
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concentration by the dissolved concentration of the two mercury species (CH,Hg and ionic Hg),
The particulate concentrations were determuined 25 an average over all paniculates measured in
Onondaga Lake as suspended solids. The final panition coeflicients were adjusied during model
calibration to optimize the predicted dissolved and 1o1al concenirations of total Hg and CH,Hg in
comparison to field observations.

3.4.3. Volarilization

The 'Connor cquations for a stagnant lake or pond were selected from oplions available in
MERC4 {AScl, 1992) to estimate both the liquid and gas film transfer coefficients for volatilization
of elemental Hg. This approach calculates a shear velocity based on observed wind speed and liquid
and gas film transfer coefficients based on shear velocity, media deesities, and Schmidt numbers.
The liguid and pas filin ransfer coefficients are used to estimate the overall transfer rate as a
function of the universal gas constant, Henry's law constant, and air temperature,

4. Model Calibration

The OLMM was calibrated 1o most elfectively model water column concentrations of Hg species
measured in Onondags Lake during the April to November field sampling program in 1992 {Jacobs
et al., 1995). In general, paramcters internal (o the Jake were manipulated within ranges of
observed data. (kher inputs and outputs (i.e,, loading. atmospheric deposition, groundwater, and
volatilizarion) were specified as described in Henry er al. (1995). Tobles [ and [ presemt the
calibrated and observed vahues for these intemal parameters.

TABLE1
et methylmercary producnon, dissalved fhae, and reminembranon @es

Value & the OLMM

Parameter Anmizl gverage Rznge Orbserves! value®
e CIL,H g producton (agdL-day) 0034 h-0.13 a.003-0.11
Triganlved flux (mgla®-day)
Toual Hg 11 5.0-52 6050
CH.Ha (LW 1.3-2% .3~

Remineral iration (ng/m’ day)
Towml He .60 1. 105,480 =175-300
CHHg 300 25-1,100 I 405

" Henry et al, (1995),
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